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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the plating approach which used the Sn-Bi alloy- 
plating bath and this plating bath. Furthermore, it is related with the Sn-Bi alloy-plating bath and the 
plating approach of performing in detail the Sn-Bi alloy plating which does not have effect of pervasion, 
deformation, deterioration, etc. on a plated object. 
[0002] 

[Description of the Prior Art] Tinning and pewter plating are widely used in the field of weak electric 
current or electronic industry as the object for soldering disposition tops, and an object for etching resist. 
However, there is a problem of a whisker in tinning and a close-up of the problem of the water pollution 
by lead has been taken by pewter plating. In recent years, promising ** of the tin-bismuth alloy plating 
is carried out as the new plating approach which does not produce such a problem. This tin-bismuth 
alloy plating attracts attention from the former as low-melt point point plating, and there are many things 
[ content / bismuth ] for 30 - 50% of the weight (it is hereafter called % for short) of plating. However, 
generally the need of dissolving a lot of bismuths to a tin-bismuth alloy plating bath is strong acid 
nature. For example, although JP,63-14887,A indicates a tin-bismuth alloy plating bath as a kind of a 
bismuth alloy plating bath, although bismuth salt is dissolved, it adds an organic sulfonic acid, and 
makes it strong acid nature. Moreover, JP,2-88789,A adds an inorganic acid and an organic sulfonic 
acid, and makes them strong acid nature. According to the place which this invention persons measured, 
these plating baths have 0.5 or less pH. However, there are many to which the components set as the 
object of tinning or pewter plating compound-ized insulating materials, such as ceramics, lead glass, 
plastics, and a ferrite, and since it is easy to be influenced of pervasion, deformation, deterioration, etc., 
development of the tin-bismuth alloy plating bath which is not strong acid nature is desired. 
[0003] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the tin-bismuth alloy 
plating bath excellent in the bath stability which does not have effect of pervasion, deformation, 
deterioration, etc. on a plated object. This invention aims at offering the plating approach that a Sn-Bi 
alloy plating can be performed efficiently to a base again. 
[0004] 

[Means for Solving the Problem] As a plating bath component, if polyoxy monocarboxylic acid, 
polyoxy lactone, or these salts are used, this invention If a bismuth content can form the tin-bismuth 
alloy plating bath which is 0.1 - 75% and uses this plating bath also in a neutral region Even if plating 
also of the plated object containing the ceramics, lead glass, plastics, a ferrite, etc. was completed and it 
left it further for a long period of time, without being influenced of pervasion, deformation, 
deterioration, etc., it was made based on knowledge that the plating bath excellent in bath stability 
without generating, such as precipitate, is obtained. That is, the Sn-Bi alloy-plating bath characterized by 
this invention containing at least a kind of compound chosen from the group which consists of polyoxy 
monocarboxylic acid, polyoxy lactone, and these salts is offered. This invention offers the plating 
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approach characterized by performing a Sn-Bi alloy plating to a base using the above-mentioned Sn-Bi 
alloy-plating bath again. 

[0005] The compound which has preferably two or more hydroxyls [ 2-6 ] in intramolecular, and has 

one carboxyl group in it as polyoxy monocarboxylic acid used by this invention is raised. As such a 

compound, the thing of 3-7 has a desirable carbon number. Specifically, a glyceric acid, a gluconic acid, 

and glucoheptonic acid are illustrated. As polyoxy lactone used by this invention, the lactone which has 

preferably two or more hydroxyls [ 2-5 ] is raised to intramolecular. As such a compound, the thing of 3- 

7 has a desirable carbon number. Specifically, glucono lactone and glucoheptonolactone can be raised. 

[0006] Moreover, as an example of the salt of these polyoxy monocarboxylic acid and polyoxy lactone, 

an alkali-metal salt (sodium, a potassium, lithium salt), an alkaline earth metal salt, the tin salt 

(magnesium, calcium, barium salt, etc.) of bivalence, bismuth salt, ammonium salt, and organic amine 

salts (monomethylamine, dimethylamine, a trimethylamine, ethylamine, isopropylamine, 

ethylenediamine, diethylenetriamine, etc.) can be raised. Among these, sodium salt, potassium salt, 

ammonium salt, the tin salt of bivalence, and bismuth salt are desirable. The above-mentioned polyoxy 

monocarboxylic acid, polyoxy lactone, and its salt can be used as a kind or two sorts or more of mixture. 

Although the concentration of the polyoxy monocarboxylic acid in a Sn-Bi alloy-plating bath, polyoxy 

lactone, or its salt is arbitrary, it is 0.25-1.0 mols/1. to carry out in 0.2-2.0 mols/1. desirable especially 

preferably. 5-H^<*l- 

[0007] The tin ion concentration in the plating bath of this invention is 5 - 40 g/1 preferably [ that the tin 0 

ion of bivalence is in the range of 1 - 50 g/1 ], and more preferably. Moreover, as for bismuth ion . 

ccq^gjr^^ metal ion ^tyftjl 

concenti^^ which can be \ J~ 

dissociated to these ion in a water solution. As the tin compound and the trivalent bismuth compound ofP®**?*^ 
bivalence which can be used by this invention, it is the hydroxide, the oxide, the sulfate, the VjnA 
hydrochloride, the sulfamate, the pyrophosphate, the carboxylate, amino acid salt, or sulfonate of each — — 
metal, and metaled oxide, a sulfate, and a hydrochloride are raised preferably. As an example of 
carboxylate, hydroxy acid, such as monocarboxylic acid, such as a formic acid besides the polyoxy 
monocarboxylic acid salt illustrated above and the salt of polyoxy lactone, an acetic acid, and a 
propionic acid, a lactic acid, and a glycolic acid, is raised. Moreover, as an example of an amino acid 
salt, the salt of an asparagine, a histidine, a leucine, a serine, a valine, a thyrosin, a tryptophan, a proline, 
a glycine, and an alanine is raised. As an example of a sulfonate, an alkane sulfonate, an alkanol 
sulfonate, and a phenolsulfonic acid salt are raised. Among these, as an example of an alkane sulfonic 
acid, methansulfonic acid, ethane sulfonic acid, a propane sulfonic acid, an isopropanal pan sulfonic 
acid, a butane sulfonic acid, a pentane sulfonic acid, and a hexane sulfonic acid can be raised, and 2- 
hydroxy ethane sulfonic acid, a 3 -hydroxy propane sulfonic acid, and a 2-hydroxy butane sulfonic acid 
can be raised as an example of an alkanol sulfonic acid. As an example of phenolsulfonic acid, 
phenolsulfonic acid, a cresol sulfonic acid, and a dimethylphenol sulfonic acid can be raised. 
[0008] The plating bath of this invention can be made to contain alkali-metal salts (sodium, a potassium, 
lithium salt), such as a sulfuric acid, a hydrochloric acid, sulfamic acid, a pyrophosphoric acid, and a 
sulfonic acid, an alkaline earth metal salt, ammonium salt (magnesium, calcium, barium salt, etc.), 
organic amine salts (monomethylamine, dimethylamine, a trimethylamine, ethylamine, isopropylamine, 
ethylenediamine, diethylenetriamine, etc.), etc. in order to make good energization nature at the time of 
plating. An ammonium sulfate, an ammonium chloride, a sodium pyrophosphate, sulfamic acid 
monomethylamine, etc. are mentioned, and, specifically, an ammonium sulfate and especially an 
ammonium chloride are desirable. The content of these salts is 50 - 1 50 g/1 preferably ten to 200 g/1. In 
addition to the above-mentioned component, a brightener and a lubricating agent can be added in the < ^\^r^jT 
plating bath of this invention. As a brightener, nonionic surface active agents, such as the alkyl ^ 
nonylphenyl ether, and the water-soluble brightener which phthalic anhydride was made to react to the 
resultant of fatty amine and organic-acid ester, and was obtained are mentioned, and a peptone, gelatin, o*a v *^ 
etc. are mentioned as a lubricating agent, for example. When using these brighteners, a lubricating agent, ctfg 3 ^ 
etc., the amount of the above-mentioned surfactant used is 4 - 8 g/1 preferably 0. 1 to 20 g/1, the amount 
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of the water-soluble brightener used which uses fatty amine as a raw material is 0.2 - 10 g/1 preferably 
0.1 to 20 g/1, and the amount of a peptone or the gelatin used is 0.2 - 10 g/1 preferably 0.1 to 20 g/1. 
Homogeneity and detailed plating can be obtained by addition of these brighteners or a lubricating 
agent. 

[0009] As for the tin-bismuth plating bath of this invention containing the above components, it is \ 
desirable that pH is 2-9. It is pH 4-8 more preferably. It is because the effect of the corrosion of the 
plated object by the stability of a metal ion, especially bismuth ion and alkalinity, deformation, 
deterioration, etc. will become a problem if acidity of pH is too strong and it exceeds 9 less than by two. 
Accommodation of pH can be performed by above-mentioned being within the limits and adjusting the 
operating rate of each above-mentioned component suitably. Moreover, an acid and alkali can also be 
used in order to adjust pH to the above-mentioned range. In addition, since it is hard to dissolve the 
bisumuth oxide in water by pH of the above-mentioned range in using the bisumuth oxide as a bismuth 
compound, the back alkali beforehand dissolved in water with strong acid will adjust to pH of above- 
mentioned within the limits. As this strong acid, a sulfuric acid, a hydrochloric acid, a sulfonic acid, a 
pyrophosphoric acid, etc. can be mentioned. As alkali used for neutralization, a sodium hydroxide, a 
potassium hydroxide, aqueous ammonia, etc. can be used. 

[0010] Next, the plating approach which uses the bath of this invention is explained. As a base (plated 
object) used as the object which performs a Sn-Bi alloy plating, the metal which compound-ized 
insulating materials, such as metals, such as copper alloys, such as copper and ********** ? i ron and an 
iron alloy, nickel, and a nickel alloy, ceramics, lead glass, plastics, and a ferrite, is raised with the 
plating bath of this invention. When the metal which compound-ized insulating materials, such as 
ceramics, lead glass, plastics, and a ferrite, especially is used, the approach of this invention is effective. 
When galvanizing, cathode can be used as a plated object and insoluble anodes, such as a tin-bismuth 
alloy, a bismuth metal, a tin metal, a titanium plate that carried out platinum plating depending on the 
case, and a carbon plate, can be used for an anode plate. 10-40 degrees C of bath temperature are usually 
15-30 degrees C preferably. Cathode current density is usually 0.1-5 A/dm2. It can carry out. Although 
plating time amount is based also on the thickness of the plating demanded, it is 5 - 60 minutes 
preferably for 1 to 120 minutes. Stirring can perform mechanical stirring of a liquid flow, a cathode 
locker, etc. Although the thing of the large range is possible for thickness, generally it is 5-20 
micrometers preferably 0.5-500 micrometers. The bismuth content under tin-bismuth alloy plating 
obtained is usually 5 - 70% preferably 0.1 to 75%. It is desirable during a plating period to maintain pH 
to 2-9. 

[001 1] On the occasion of plating, after pretreating a plated object with a conventional method, it is 
given to a plating process. In a head end process, immersion cleaning, acid washing, electrolytic 
cleaning of an anode plate, and at least one actuation of activation are performed. It rinses between each 
actuation. After plating washes the obtained coat simply and should just dry it. A plating process can 
carry out not only a quiescence bath but a barrel. Moreover, discoloration prevention processings 
(immersion processing to the third sodium phosphate water solution etc.) performed after tinning or 
pewter plating may be performed. The plating liquid of this invention can be used for a long period of 
time by keeping a bath component constant with a suitable supplement, without updating liquid. [0012] 
[Effect of the Invention] According to this invention, bismuth content can form the tin-bismuth alloy 
plating coat which is 0.1 - 75% over the large current density range. Moreover, even if it carries out the 
mothball of the bath of this invention, it does not have generating of precipitation, muddiness, etc., and 
they are very few stable baths of fluctuation of a bath presentation. The tin-bismuth alloy plating 
performed to a base by the plating approach of this invention is equal to the present tin lead alloy plating 
(pewter plating) in respect of the melting point, soldering nature, and whisker nature, and can prevent 
the pervasion to the plated object containing the ceramics, lead glass, plastics, a ferrite, etc. Next, this 
invention is not limited by these although an example explains this invention. 
[0013] 
[Example] 

The solution of the 5 w/v% cleaning -39 [the product made from 5 w/w%NC[ after degreasing by] made 
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from DIP SOL and carrying out acid washing with a 10.5 w/w% hydrochloric acid ]-20[DIP SOL], and 
a 7 w/v% sodium hydroxide performed electrolytic cleaning, and one to example 8 copper plate was 
activated with the hydrochloric acid after [ electrolytic cleaning ] 3.5%. It rinsed by being between each 
actuation. On the other hand, the plating liquid shown in Table -1 was put into the plating tub made from 
an acrylic, the platinum plate was used for the anode plate, the copper plate which the above activated 
was connected to cathode, and it galvanized on condition that Table -2. In addition, the metallic 
compounds used for plating bath preparation are sulfuric-acid tin and a sulfuric-acid bismuth. The 
thickness of plating and the alloy presentation which were acquired were measured. Measurement of 
plating thickness was performed by the electromagnetic thickness gage, and measurement of an alloy 
presentation was performed by cay light X-ray analysis. Subsequently, the soldering nature of plating 
and whisker generating which were acquired were evaluated. Soldering nature measured the point (zero 
cross time) that the buoyancy by wetting served as zero, using the perpendicular dip coating by the 
MENISU cog rough (Rhesca Co., Ltd solder checker). About what was galvanized on **********, 
evaluation of whisker generating performed accelerated aging which a 50-degree C thermostatic 
chamber is made to leave for seven days, and observed the plating side. Moreover, it observed about 
precipitation of the plating bath at the time of leaving each plating liquid for one week in a room 
temperature about the stability of a plating bath, and the existence of generating of muddiness. These 
results are shown in Table -3. 

[0014] The plating liquid of the presentation shown in one to example of comparison 5 table -4 was 
used, and it carried out like the example on the conditions shown in Table -5. These results are shown in 
Table -6. In addition, the metallic compounds used for plating bath preparation are hoe ****** and hoe 
******inthe examples 1 and 2 of a comparison, and are sulfuric-acid tin and the bisumuth oxide in the 
examples 3-5 of a comparison. 
[0015] 
[Table 1] 

Table -1 The presentation of a plating bath Fruit ** Example A component 

(g/L) 1 2 3 4 5 6 7 8 Sn2+ 22.5 22.5 22.5 22.522.5 22.5 10 10 Bi3+ 2.5 2.5 

7.5 7.5 7.5 7.5 7.5 7.5 Gluconic acid 150 150 0 00 0 0 0 glucoheptonic acid 00 00 120 120 120 120 
glucono lactone 0 0 120 1200 0 0 0 Ammonium sulfate 80 80 0 0 0 0 0 0 Sodium chloride 0 0 80 80 0 0 
0 0 Methanesulfon Acid ammonium 0 0 0 080 80 80 80 Brightener 1*1 2 2 0 05 5 00 Brightener 11*2 0 

05 5 0 0 00 Peptone 0 00 00 01 1 pH 8.0 8.0 3.5 3.5 4.5 4.5 6.0 6.0 * 1 

Water-soluble brightener *2 which phthalic anhydride was made to react to the resultant of fatty amine 
and organic-acid ester, and was obtained 15 mol addition product of ethylene oxide of the alkyl 
nonylphenyl ether [0016] 
[Table 2] 

Table -2 Plating conditions Fruit ** Example 1 2 3 4 5 6 7 8 

Cathode current density 5.0 (A/dm2) 0.2 5.0 0.2 5.0 0.2 5.0 0.2 plating temperature 

(degree C) 25 25 25 25 25 25 25 25 Plating time amount (minute) 4 604 60 4 60 5 60 

[0017] 

[Table 3] 

Table -3 The property of a plating coat Fruit ** Example item 1 2 3 4 5 6 

7 8 Plating appearance *3****xxxxxx plating thickness (mu) 5.5 5.5 

5.5 5.5 5.55.5 5.5 5.5 Bi content (%) 6.5 6.8 35.2 38.1 36.9 37.5 53.3 55.5 Melting point (degree C) 200 
200 180 180 180 180 145 145 Soldering nature 1.21.2 0.9 0.9 0.9 0.9 0.8 0.8 Whisker generating 

Nothing *4 Nothing *4 Nothing Nothing Nothing Nothing Nothing Nothing 

— Stability *5 of a bath Nothing Nothing Nothing Nothing Nothing Nothing Nothing Nothing 

*3 ** ; - semigloss and x; mat *4 the shape of however, a cob -- ******** *5 

Condition (existence of generating of precipitation and muddiness) of the bath after one-week room 
temperature neglect 
[0018] 
[Table 4] 
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Table -4 The presentation of a plating bath Ratio ** Example component (g/L) 

1 2 3 4 5 Sn2+ 18 18 3.3 22.5 22.5 Bi3+ 0 0 14.2 2.5 7.5 Pb2+ 1.5 9 0 0 Zero 

sulfuric acid 0 0 0 0 0 ammonium sulfate 0 00 80 0 methansulfonic acid 0 0 98 0 0 Methansulfonic acid 
ammonium 0 0 0 0 80 citric acids 0 0 50120 50 malonic acid 0 00 0 120 fluoroboric acid 180 180 00 0 

boric acids 20 20 0 00 brightener 110 0 5 5 Five peptones 110 0 OpH 1> 1> 0.5> 8.0 4.5 

[0019] 

[Table 5] 

Table -5 Plating conditions Ratio ** Example 1 2 3 4 5 

cathode-current-density (A/dm2) 2.0 2.0 0.3 5.0 5.0 Plating temperature (degree C) 20 2020 

25 25 plating time amount (minute) 6 6 40 4 4 [0020] 

[Table 6] 

Table -6 The property of a plating coat Ratio ** Example item 1 2 3 4 5 

Plating appearance *3 x x ** x x plating thickness (mu) 5.5 5.5 5.5 5.5 5.5Bi 

content (%) 0 0 35 6.7 36.0Pb content (%) 10.0 40.0 0 0 0 Melting point (degree C) 220 185 180 200 
180 soldering nature 1.2 0.9 0.9 1.2 0.9 whisker generating Nothing *4 Nothing [ non-] Nothing *4 

Nothing Stability *5 of a bath ** ****** ** *3 **; - 

- semigloss and x; mat *4 the shape of however, a cob -******** *5 Condition (existence of 
generating of precipitation and muddiness) of the bath after one-week room temperature neglect 
From the comparison with Table -3 and Table -6, a significant difference is not accepted about soldering 
nature and whisker generating. Moreover, the bath of this invention is excellent also in the field of the 
stability of a bath. 

[0021] Except having used copper and composite part of lead glass as the plated object instead of six to 
examples 9-16 and example of comparison 8 copper plate, it galvanized using the plating bath of 
examples 1-8 and the examples 1-3 of a comparison by the same approach as examples 1-8 and the 
examples 1-3 of a comparison, and the erosiveness to lead glass was investigated. Erosiveness was 
performed by observation by the stereoscopic microscope. 
[0022] 
[Table 7] 

Table -7 Fruit ** Example Ratio ** Example 9 10 1112 13 14 15 16 6 7 

8 plating bath *4 1 2 345678123 Pervasion Nothing [ ] Nothing 

Nothing Nothing Nothing Nothing Nothing Nothing ** ** The ** *4 

plating bath was expressed as the example (example of comparison) number to precede. 
By the plating bath of this invention with higher pH, it turns out to pervasion having arisen from Table - 
7 in lead glass in the plating bath of the example of a comparison with pH smaller than 1 that pervasion 
did not arise. Thus, if the plating bath of this invention is used, it is clear to a plated object that 
pervasion of the compound-ized insulating material can prevent effectively. 

[0023] Except having used composite part of nickel and a ferrite as the plated object instead of nine to 
examples 17-24 and example of comparison 1 1 copper plate, the plating bath of examples 1-8 and the 
examples 1-3 of a comparison was used, it galvanized by the same approach as examples 1-8 and the 
examples 1-3 of a comparison, and the erosiveness to a ferrite was investigated. 
[Table 8] 

Table -8 Fruit ** Example Ratio ** Example 17 18 19 20 21 22 23 24 9 

10 11 plating bath *4 12345678123 Pervasion Nothing [ ] Nothing 

Nothing Nothing Nothing Nothing Nothing Nothing ** ** ** [0024] By 

the plating bath of this invention with higher pH, it turns out to pervasion having arisen from Table -8 in 
the ferrite in the plating bath of the example of a comparison with pH smaller than 1 that pervasion did 
not arise. Thus, if the plating bath of this invention is used, it is clear to a plated object that pervasion of 
the compound-ized insulating material can prevent effectively. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The Sn-Bi alloy-plating bath characterized by containing at least a kind of compound chosen 
from the group which consists of polyoxy monocarboxylic acid, polyoxy lactone, and these salts. 
[Claim 2] The plating bath according to claim 1 whose pH of a plating bath is 2-9. 
[Claim 3] The plating approach characterized by performing a Sn-Bi alloy plating to a base using a Sn- 
Bi alloy-plating bath according to claim 1. 
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